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Description
BACKGROUND
[Technical Field]

[0001] The present invention relates to a technology
for communicating control data in a predetermined cycle
using a field bus system such as EtherCAT (registered
trademark).

[Background Art]

[0002] Currently, many factory automation (FA) sys-
tems are in practical use. The FA systems include, for
example, a control device and a plurality of slave devices,
as described in Patent Literature 1. The plurality of slave
devices is a measurement instrument, a switch, a control
driver, orthe like, and a control target device is connected
to the control driver.

[0003] Forexample, the control device and the plurality
of slave devices communicate control data using a field-
bus system. In this case, the control device and the plu-
rality of slave devices communicate control data in a pre-
set control cycle (cyclic cycle). Thereby, punctuality, a
real-time property, and high speed of communication of
the control data are ensured.

[0004] Normally, the control cycle is set by a setting
tool such as a PC connected to the control device. In this
case, the control cycle is set according to the number
and topology of a plurality of slave devices connected to
a field bus.

[0005] Patent Literature 2 teaches a process control
system includes: a controller; at least one input and out-
put module connected to the controller; and an allowable
propagation delay value calculator in the controller, the
allowable propagation delay value calculator being con-
figured to calculate, based on the number of input and
output modules connected to the controller, an allowable
range for propagation delay time between the controller
and the input and output module. Patent Literature 3
teaches a method and system for adding a node into a
network operating in a cyclic state after one or more
nodes have been previously removed without interrupt-
ing the synchronous traffic of the remaining nodes on the
network is provided. The method includes discovering
an added node by sending data to the added node in a
downstream timeslot previously assigned to a removed
node, the data having a delay value for scheduling a re-
sponse from the added node to coincide with an upstream
timeslot previously assigned to the removed node, there-
by avoiding collisions with the synchronous traffic on the
network; receiving the response from the added node;
configuring the added node in accordance with an orig-
inal configuration of the removed node; and commencing
cyclic operation of the added node.
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[Citation List]
[Patent Literature]
[0006]

[Patent Literature 1]

Japanese Patent Laid-Open No. 2014-146070,
[Patent Literature 2]

US Patent Publication No. US 2017/185055 A1
[Patent Literature 3]

US Patent No. US 8072999 B1.

SUMMARY

[0007] The present invention is set forth in the inde-
pendent claims. Preferred embodiments of the invention
are described in the dependent claims.

[Technical Problem]

[0008] However, the control system may not start up
normally depending on content set by the setting tool.
[0009] Accordingly, an objective of the present inven-
tion is to provide a technology capable of more reliably
realizing normal startup of a control system.

[Solution to Problem]

[0010] According to an example of the present disclo-
sure, the control device includes a communication man-
agement part, a computation part, and a result output
part. The communication management partis configured
to manage data communication using cyclic communi-
cation conforming to a predetermined communication cy-
cle for a field network. The computation part is configured
to measure a propagation delay time from received data
of data for actual measurement of propagation delay
transmitted to the field network, and detect an operation
state of the field network using a measurement result of
the propagation delay time. The result output part is con-
figured to output a detection result of the computation
part.

[0011] In this configuration, an operation state of com-
munication via the field network is detected and provided
to a user before a main operation of the control device
starts.

[0012] According to an example of the present disclo-
sure, the computation part includes a propagation delay
time measurement part configured to perform measure-
ment of the propagation delay time from the received
data of the data for actual measurement of propagation
delay; and a monitoring process execution part config-
ured to perform monitoring of a bandwidth load of the
field network from the propagation delay time.

[0013] In this configuration, the bandwidth load can be
obtained together with the propagation delay time as the
operation state.
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[0014] According to an example of the present disclo-
sure, the computation part includes a diagnosis process
execution part configured to perform a diagnosis of ca-
bles for use in the field network on the basis of a reception
state of the data for actual measurement of propagation
delay.

[0015] In this configuration, a cable state diagnosis re-
sult can be obtained as the operating state.

[0016] According to an example of the present disclo-
sure, the computation part executes a process of detect-
ing the operation state of the field network when an op-
eration input of a running-in operation is received.
[0017] In this configuration, detection of the operation
state of the field network is executed in response to an
operation input from the user.

[Advantageous Effects of Invention]

[0018] Accordingtothe presentinvention, normal star-
tup of the control system can be more reliably realized.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

Fig. 1 is a diagram illustrating a schematic configu-
ration of a device in a control system.

Fig. 2 is a block diagram illustrating a hardware con-
figuration of a control device.

Fig. 3 is a functional block diagram of the control
device.

Fig. 4 is a flowchart of a control method.

(A) and (B) of Fig. 5 are diagrams illustrating
examples of a display screen in a diagnostic
mode.

(A) and (B) of Fig. 6 are diagrams illustrating
examples of a display screen for a diagnosis re-
sult.

DESCRIPTION OF THE EMBODIMENTS

[0020] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings.

- Application example

[0021] First, an application example of a control device
according to an embodiment of the present invention will
be described with reference to the drawings. Fig. 3 is a
functional block diagram of the control device.

[0022] The control device 10 includes a control part
110, a computation part 120, a communication manage-
ment part 130, a communication driver 140, a user ap-
plication processing part 150, and a host communication
driver 160, as illustrated in Fig. 3.

[0023] The computation part 120 includes a propaga-
tion delay time measurement part 121, a monitoring proc-
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ess execution part 122, and a diagnosis process execu-
tion part 123.

[0024] The control part 110 receives an operation input
for a running-in operation from a user via the host com-
munication driver 160. The control part 110 outputs in-
formation on the operation input of the running-in oper-
ation to the computation part 120 and the communication
management part 130.

[0025] The propagation delay time measurement part
121 of the computation part 120 receives the operation
input of the running-in operation, generates data for ac-
tual measurement of a propagation delay time, and out-
puts the data for actual measurement of the propagation
delay time to the communication management part 130.
[0026] The communication management part 130
transmits the data for actual measurement of the propa-
gation delay time to the field network 30 via the commu-
nication driver 140 (see Figs. 1 and 2). The communica-
tion management part 130 acquires received data of the
data for actual measurement returned from the field net-
work 30, and outputs the received data to the computa-
tion part 120.

[0027] The propagation delay time measurement part
121 measures the propagation delay time from the re-
ceived data. The monitoring process execution part 122
calculates abandwidth load using acommunication cycle
set by the user application processing part 150 and the
propagation delay time. When the received data cannot
be obtained, the diagnosis process execution part 123
starts up a diagnostic mode for cables constituting the
field network 30 and executes cable diagnosis.

[0028] The computation part 120 generates result dis-
play data including results thereof and outputs the result
display data to the control part 110. The control part 110
outputs the result display data to a personal computer
61 via the host communication driver 160, and the per-
sonal computer 61 displays the result display data (see
Figs. 5(A) and 5(B)). The personal computer 61 (see Fig.
1) can also be caused to execute a process of the com-
putation part 120. In this case, the control device 10 out-
puts the received data of the data for actual measurement
of propagation delay to the personal computer 61 via the
host communication driver 160.

[0029] Thereby, the user can confirm an operation
state of the field network 30 before a main operation of
the control device 10 starts.

- Configuration example

[0030] A controldevice, a control method, and a control
program according to an embodiment of the present in-
vention will be described with reference to the drawings.
In the embodiment, a factory automation (FA) system will
be described as an example of the control system.

[0031] Fig. 1is a diagram illustrating a schematic con-
figuration of a device in the control system. The control
system 1 includes a control device 10, a slave device
211, a slave device 212, a slave device 213, a field net-
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work 30, an information communication network 60, the
personal computer 61, and a database device 62, as il-
lustrated in Fig. 1. The number of slave devices is not
limited thereto, and may be another number.

[0032] The field network 30 is realized by connecting
a plurality of slave devices 211, 212, and 213 with com-
munication cables. In this case, the control device 10 is
connected to the slave device 211 via a communication
cable, the slave device 211 is connected to the slave
device 212 via a communication cable, and the slave
device 212 is connected to the slave device 213 via a
communication cable, as illustrated in Fig. 1. In other
words, the control device 10 is connected to the slave
device 212 via the communication cable, the slave device
211, and the communication cable. Further, the control
device 10 is connected to the slave device 213 via the
communication cable, the slave device 211, the commu-
nication cable, the slave device 212, and the communi-
cation cable.

[0033] The field network 30 is a network conforming
to, for example, EtherCAT (registered trademark) as a
network standard. The field network 30 is not limited
thereto, and may be a network in which a controller trans-
mits data in one frame to all slave devices logically con-
nected to a ring network, and the slave device performs
"on the fly" on the received frame, thereby realizing time
synchronization.

[0034] The information communication network 60 is,
for example, a network conforming to Ethernet (regis-
tered trademark) as a network standard. The control de-
vice 10, the personal computer 61, and the database
device 62 are connected to one another by aninformation
communication network 60.

[0035] An editing tool for the control program, or the
like is installed in the personal computer 61. The personal
computer 61 creates, edits, and outputs a control pro-
gram for the control device 10, the slave device 211, the
slave device 212, and the slave device 213. The personal
computer 61 outputs the control program to the control
device 10. The slave device 211, the slave device 212,
and the slave device 213, which are control targets, a
control command for each slave device, and the like are
described in this control program.

[0036] Further, the personal computer 61 stores an ex-
ecution program for a running-in operation. The personal
computer 61 outputs the execution program for a run-
ning-in operation to the control device 10 in response to
an operation input from the user. Further, the personal
computer 61 displays a diagnosis result for the field net-
work 30 according to the execution program for a running-
in operation. An example of a specific display screen will
be described below.

[0037] The database device 62 stores, for example,
logs of the respective devices acquired from the control
device 10. The database device 62 may store the diag-
nosis result for the field network 30 described above, and
a past log of coping methods.

[0038] The control device 10 is specifically realized by,
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for example, a programmabile logic controller (PLC). The
control device 10 may be another device as long as the
device communicates control data and data for a diag-
nosis of the field network 30 via the field network 30.
[0039] The control device 10, for example, generates
control data to be communicated via the field network 30
using the control program from the personal computer 61.
[0040] Further, the control device 10, forexample, gen-
erates the data for a diagnosis of the field network 30
such as the data for actual measurement of propagation
delay on the basis of the execution program for a running-
in operation from the personal computer 61.

[0041] Thesslave device 211, the slave device 212, and
the slave device 213 are specifically realized by, for ex-
ample, a servo driver, or a measurement device such as
a sensor. These slave devices may be, for example, a
robot device or a robot control device connected to the
robot device.

[0042] The controldevice 10, the slave device 211, the
slave device 212, and the slave device 213 communicate
control data according to a communication cycle preset
by the control program or the like, and execute operations
and processes in synchronization with a predetermined
timing based on the control cycle.

[0043] The controldevice 10, the slave device 211, the
slave device 212, and the slave device 213 perform trans-
mission and reception of the data for actual measurement
of propagation delay. Specifically, as outbound process-
ing, the control device 10 transmits the data for actual
measurement of propagation delay to the slave device
211. The slave device 211 receives the data for actual
measurement of propagation delay from the control de-
vice 10, writes a time stamp to the data for actual meas-
urement of propagation delay, and transmits the resultant
data for actual measurement of propagation delay to the
slave device 212 on the end side. The slave device 212
receives the data for actual measurement of propagation
delay from the slave device 211, writes a time stamp to
the data for actual measurement of propagation delay,
and transmits the resultant data for actual measurement
of propagation delay to the slave device 213 on the end
side. Thereafter, as a returning process, when the slave
device 213 receives the data for actual measurement of
propagation delay from the slave device 212, the slave
device 213 writes a time stamp to the data for actual
measurement of propagation delay, and returns and
transmits the resultant data for actual measurement of
propagation delay to the slave device 212. The slave
device 212 receives the data for actual measurement of
propagation delay from the slave device 213, writes a
time stamp to the data for actual measurement of prop-
agation delay, and transmits the resultant data for actual
measurement of propagation delay to the slave device
211. The slave device 211 receives the data for actual
measurement of propagation delay from the slave device
212, writes a time stamp to the data for actual measure-
ment of propagation delay, and transmits the resultant
data for actual measurement of propagation delay to the
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control device 10.
(Hardware configuration of control device)

[0044] Fig. 2is a block diagram illustrating a hardware
configuration of the control device.

[0045] As ahardware configuration, the control device
10includesa CPU 101, amemory 102, a storage medium
103, a transmission and reception part 104, and a host
communication part 105, as illustrated in Fig. 2. In the
control device 10, the CPU 101, the memory 102, the
storage medium 103, the transmission and reception part
104, and the host communication part 105 are connected
to one another by a data bus 100.

[0046] The CPU 101 reads a system program and a
user application program stored in the storage medium
103 into the memory 102 and executes the program,
thereby realizing each process of each functional block
to be described below. The user application program in-
cludes, for example, the control program and the execu-
tion program for a running-in operation described above.
[0047] The memory102isrealized by a volatile storage
element such as a DRAM or an SRAM. Further, the stor-
age medium 103 is realized by a nonvolatile storage me-
dium such as a magnetic storage medium or a flash mem-
ory.

[0048] The transmission and reception part 104 is an
interface of the field network 30 in the control device 10.
The transmission and reception part 104 executes trans-
mission and reception (communication) of control data
conforming to a cyclic cycle. Further, the transmission
and reception part 104 executes transmission and recep-
tion of the data for actual measurement of propagation
delay.

[0049] The hostcommunication part105is an interface
of the information communication network 60 in the con-
trol device 10 and executes communication with each
device (the personal computer 61, the database device
62, or the like) of a host system described above.

(Functional blocks of control device)

[0050]
device.
[0051] The control device 10 includes the control part
110, the computation part 120, the communication man-
agement part 130, the communication driver 140, the us-
er application processing part 150, and the host commu-
nication driver 160, as illustrated in Fig. 3.

[0052] The control part 110 performs, for example,
scheduling of an overall operation (process) of the control
device 10 to execute operation control of the computation
part 120, operation control of the user application
processing part 150, and communication management
part 130.

[0053] The computation part 120 includes the propa-
gation delay time measurement part 121, the monitoring
process execution part 122, and the diagnosis process

Fig. 3is afunctional block diagram of the control
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execution part 123.

[0054] The propagation delay time measurement part
121 generates the data for actual measurement of prop-
agation delay according to the execution program for a
running-in operation, and outputs the data for actual
measurement of propagation delay to the communication
management part 130. Further, the propagation delay
time measurement part 121 acquires the received data
of the data for actual measurement of propagation delay
via the communication management part 130. The prop-
agation delay time measurement part 121 calculates a
propagation delay time of each slave device and a prop-
agation delay time due to a plurality of slave device
groups from the time stamp written to the received data.
[0055] The monitoring process execution part 122 cal-
culates a bandwidth load status of the field network 30
from the propagation delay time according to the execu-
tion program for a running-in operation. Specifically, the
monitoring process execution part 122 calculates the
bandwidth load status from a ratio of the propagation
delay time of all frames transmitted within one cycle to
the preset communication cycle.

[0056] Thediagnosisprocess execution part 123 starts
up a cable diagnosis mode to execute the cable diagnosis
when the received data cannot be acquired within a pre-
determined time based on the communication cycle de-
spite the fact that the data for actual measurement of
propagation delay has been transmitted. A known meth-
od can be used for cable diagnosis.

[0057] The computation part 120 generates a diagno-
sis result using processing results of the propagation de-
lay time measurement part 121, the monitoring process
execution part 122, and the diagnosis process execution
part 123. The computation part 120 outputs the diagnosis
result to the control part 110, and the control part 110
outputs the diagnosis result to the personal computer 61
connected to the information communication network 60
via the host communication driver 160.

[0058] The communication management part 130 ex-
ecutes scheduling of communication of the control data.
Further, the communication management part 130 exe-
cutes management of transmission and reception of the
data for actual measurement of propagation delay.
[0059] The communication driver 140 executes control
of the transmission and reception part 104 to communi-
cate the control data via the field network 30 according
to the cyclic cycle. Further, the communication driver 140
communicates the data for actual measurement of prop-
agation delay via the field network 30.

[0060] The user application processing part 150 exe-
cutes the user application program including the control
program and the execution program of a running-in op-
eration described above.

[0061] In such a configuration, the control device 10
executes the running-in operation to generate a diagno-
sis result for the field network 30 before a main operation.
The control device 10 outputs the diagnosis result to the
personal computer 61, and the personal computer 61
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displays the diagnosis result.

[0062] Fig. 4 is a flowchart of the control method.
[0063] As illustrated in Fig. 4, the personal computer
61 receives an operation input in a startup support mode
(S11). The personal computer 61 executes selection of
a diagnosis target item (S12). When the personal com-
puter 61 receives the execution operation (S13: YES),
the personal computer 61 instructs the control device 10
to execute the diagnosis of the field network 30.

[0064] The control device 10 measures the propaga-
tion delay time and executes diagnosis using the propa-
gation delay time (S14). The control device 10 outputs a
diagnosis result to the personal computer 61, and the
personal computer 61 displays the diagnosis result
(S15).

[0065] Next, an example of the display screen of the
operation input in a diagnostic mode will be described.
Figs. 5(A) and 5(B) are diagrams illustrating an example
of a display screen in the diagnostic mode.

[0066] AHome screen for startup support asillustrated
in (A) of FIG. 5 is displayed on a screen of the personal
computer 61. An icon for receiving an operation input for
a display of an abnormality status, an icon for receiving
an operation input for abnormality release, an icon for
receiving selection of a display of system information,
and an icon for receiving execution of the startup support
mode are displayed on the Home screen, as illustrated
in (A) of Fig. 5.

[0067] When the user operates the icon for receiving
execution of the startup support mode, the startup sup-
port mode in which an operation status of the field net-
work 30 is detected is executed. When the execution of
the startup support mode is received, a screen illustrated
in (B) of Fig. 5 is displayed.

[0068] A plurality of items to be executed, a box for
selecting whether or not the plurality of items is executed,
an icon for receiving an operation input for execution,
and an icon for receiving an operation input for returning
to the Home screen are displayed on the startup support
screen, as illustrated in (B) of Fig. 5.

[0069] The plurality of items includes items such as
"execute allitems", "execute a running-in operation”, "ex-
ecute cable diagnosis", and "monitor bandwidth load in-
formation". When the user selects a box corresponding
to each of these items, the selected item is executed.
[0070] Forexample, when "execute a running-in oper-
ation" is selected, the control device 10 executes the run-
ning-in operation using the field network 30. In this case,
transmission and reception of the data for actual meas-
urement of propagation delay are performed.

[0071] When [Execute cable diagnosis]is selected, the
control device 10 executes the cable diagnosis for the
field network 30. Specifically, when the data for actual
measurement of propagation delay is not returned within
the predetermined time based on the communication cy-
cle, the control device 10 determines that cable diagnosis
is necessary, and executes the cable diagnosis mode.
When the data for actual measurement of propagation
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delay is returned within the predetermined time based
on the communication cycle, the control device 10 out-
puts a diagnosis result indicating that there is no problem
in the cables.

[0072] When [Monitor bandwidth load information] is
selected, the control device 10 transmits or receives the
data for actual measurement of propagation delay and
acquires the time stamp. The control device 10 calculates
the propagation delay time from the time stamp, and cal-
culates the bandwidth load from a ratio of the propagation
delay time to the preset communication cycle.

[0073] These items are executed by an execution icon
being selected, after selection.

[0074] Next, an example of a display screen of a diag-
nosis result will be described. Figs. 6(A) and 6(B) are
diagrams illustrating an example of a display screen of
a diagnosis result.

[0075] In the running-in operation, a progress status
of the running-in operation, that is, a progress status of
the diagnosis based on the selected item is displayed,
as illustrated in (A) of Fig. 6. Further, in the running-in
operation, a currently executed process and a currently
known diagnosis result are displayed in an area under
the progress status.

[0076] When the running-in operation is completed, a
progress status of the running-in operation (100% com-
pleted)is displayed, as illustrated in (B) of Fig. 6. Further,
a diagnosis result is displayed in an area under the
progress status after ending of the running-in operation.
[0077] Such a display enables the user to recognize
how the field network 30 operates, before a main oper-
ation starts, by setting the control program. Thereby, nor-
mal startup of the control system can be realized more
reliably.

[Reference Signs List]
[0078]

1 Control system

10 Control device

12 Compuataion part

30 Field network

60 Information communication network
61 Personal computer

62 Database device

100 Data bus

101 CPU

102 Memory

103 Storage medium

104 Transmission and reception part
105 Host communication part

110 Control part

120 Compuataion part

121 Propagation delay time measurement part
122 Monitoring process execution part
123 Diagnosis process execution part
130 Communication management part
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140 Communication driver

150 User application processing part
160 Host communication driver

211, 212, 213 Slave device

Claims

A control device (10) that comprises:

a communication management part (130) con-
figured to manage data communication using
cyclic communication conforming to a predeter-
mined communication cycle for a field network
(30), wherein the control device (10) is connect-
able to a slave device (211, 212, 213) via the
field network (30), and the control device (10)
and the slave device are configured to perform
communication of control data via the field net-
work (30);

a computation part (120) configured to measure
a propagation delay time from received data of
data for actual measurement of propagation de-
lay transmitted to the field network, and detect
an operation state of the field network (30) using
a result of the propagation delay time; and

a result output part (110) configured to output a
detection result of the computation part(120),
wherein the computation part (120) comprises:

apropagation delay time measurement part
(121) configured to generate the data for
actual measurement of propagation delay,
to output the data for actual measurement
of propagation delay to the slave device
(211,212, 213) viathe communication man-
agement part (130), to acquire the received
data of the data for actual measurement of
propagation delay via the communication
management part (130), and to calculate
the propagation delay time of the slave de-
vice (211, 212, 213) from the received data
of the data for actual measurement of prop-
agation delay from the time stamp written
to the received data; and

a monitoring process execution part (122)
configured to perform monitoring of a band-
width load of the field network (30) from the
propagation delay time, wherein the moni-
toring process execution part (122) is con-
figured to calculate the bandwidth load from
a ratio of the propagation delay time of all
frames transmitted within one cycle to the
predetermined communication cycle.

2. Thecontroldevice (10)according to claim 1, wherein

the computation part (120) comprises a diagnosis
process execution part (123) configured to perform
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a diagnosis of cables for use in the field network (30)
on the basis of areception state of the data for actual
measurement of propagation delay, wherein the di-
agnosis process execution part (123) is configured
to start the diagnosis of the cables when the data for
actual measurement of the propagation delay has
been transmitted to the slave device (211, 212, 213)
and the received data is not acquired within a pre-
determined time.

The control device (10) according to any one of
claims 1 to 2, wherein the computation part (120) is
configured to execute a process of detecting the op-
eration state of the field network (30) when an oper-
ation input of a running-in operation is received.

A control method comprising:

a communication management process of man-
aging, by a communication management part
(130) of a control device (10), data communica-
tion using cyclic communication conforming to
a predetermined communication cycle for a field
network (30), wherein the control device (10) is
connected to a slave device (211, 212, 213) via
the field network (30), and the control device (10)
and the slave device are configured to perform
communication of control data via the field net-
work (30);

a process of generating, by a propagation delay
time measurement part (121) of a computation
part (120) of the control device (10), data for
actual measurement of propagation delay,
aprocess of outputting, by the propagation delay
time measurementpart (121), the data for actual
measurement of propagation delay to the slave
device (211, 212, 213) via the communication
management part (130);

a process of acquiring, by the propagation delay
time measurement part (121), received data of
the data for actual measurement of propagation
delay via the communication management part
(130);

a process of calculating, by the propagation de-
lay time measurement part (121), a propagation
delay time of the slave device (211, 212, 213)
from the time stamp written to the received data;
a process of performing, by a monitoring proc-
ess execution part (122) of the computation part
(120) of the control device (10), monitoring of a
bandwidth load of the field network (30) from the
propagation delay time, wherein the bandwidth
load is calculated from a ratio of the propagation
delay time of all frames transmitted within one
cycle to the predetermined communication cy-
cle;

a computation process of detecting, by the com-
putation part (120), an operation state of the field
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network (30) using a result of the propagation
delay time; and

a result output process of outputting, by a result
output part (110) of the control device (10), a
detection result obtained in the computation
process.

5. A control program comprising instructions which,

when the program is executed by a computer, cause
the computer to carry out all the steps of the method
according to claim 4.

Patentanspriiche

Steuervorrichtung (10), die umfasst:

ein Kommunikationsverwaltungsteil (130), das
konfiguriertist, um die Datenkommunikation un-
ter Verwendung einer zyklischen Kommunikati-
on entsprechend einem vorbestimmten Kom-
munikationszyklus fiir ein Feldnetzwerk (30) zu
verwalten, wobei die Steuervorrichtung (10)
Uber das Feldnetzwerk (30) mit einer Slave-Vor-
richtung (211, 212, 213) verbunden werden
kann und die Steuervorrichtung (10) und die Sla-
ve-Vorrichtung konfiguriert sind, um Kommuni-
kation von Steuerdaten uber das Feldnetzwerk
(30) durchzufiihren;

ein Berechnungsteil (120), das konfiguriert ist,
um eine Ausbreitungsverzégerungszeit aus
empfangenen Daten von Daten zu der tatsach-
lichen Messung der Ausbreitungsverzdgerung,
Ubertragen an das Feldnetzwerk, zu messen
und einen Betriebszustand des Feldnetzwerks
(30) unter Verwendung eines Ergebnisses der
Ausbreitungsverzégerungszeit zu erfassen;
und

ein Ergebnisausgabeteil (110), das konfiguriert
ist, um ein Erfassungsergebnis des Berech-
nungsteils (120) auszugeben,

wobei das Berechnungsteil (120) umfasst:

ein Ausbreitungsverzdgerungszeit-Mess-
teil (121), das konfiguriert ist, um die Daten
fur die tatsachliche Messung der Ausbrei-
tungsverzdgerung zu erzeugen, die Daten
fur die tatsachliche Messung der Ausbrei-
tungsverzdégerung tber das Kommunikati-
onsverwaltungsteil (130) an die Slave-Vor-
richtung (211, 212, 213) auszugeben, die
empfangenen Daten der Daten fir die tat-
sachliche Messung der Ausbreitungsverzo-
gerung Uber das Kommunikationsverwal-
tungsteil (130) zu erfassen und die Ausbrei-
tungsverzdgerungszeit der Slave-Vorrich-
tung (211, 212, 213) aus den empfangenen
Daten der Daten fur die tatsachliche Mes-
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sung der Ausbreitungsverzdgerung aus
dem Zeitstempel, geschrieben zu den emp-
fangenen Daten, zu berechnen; und

ein Uberwachungsprozess-Ausfiihrungs-
teil (122), das konfiguriertist, um eine Uber-
wachung einer Bandbreitenauslastung des
Feldnetzwerks (30) aus der Ausbreitungs-
verzdgerungszeit durchzufiihren, wobei
das Uberwachungsprozess-Ausfiihrungs-
teil (122) konfiguriert ist, um die Bandbrei-
tenauslastung aus einem Verhaltnis der
Ausbreitungsverzégerungszeit aller Fra-
mes, Ubertragen innerhalb eines Zyklus, zu
dem vorbestimmten Kommunikationszyk-
lus zu berechnen.

Steuervorrichtung (10) gemaR Anspruch 1, wobei
das Berechnungsteil (120) ein Diagnoseprozess-
Ausfiihrungsteil (123) umfasst, das konfiguriert ist,
um eine Diagnose von Kabeln zur Verwendung in
dem Feldnetzwerk (30) basierend auf einem Emp-
fangszustand der Daten fiir die tatsachliche Mes-
sung der Ausbreitungsverzégerung durchzufiihren,
wobei das Diagnoseprozess-Ausfihrungsteil (123)
konfiguriert ist, um die Diagnose der Kabel zu star-
ten, wenn die Daten fiir tatsédchliche Messung der
Ausbreitungsverzégerung an die Slave-Vorrichtung
(211, 212, 213) Ubertragen worden sind und die
empfangenen Daten nicht innerhalb einer vorbe-
stimmten Zeit erfasst werden.

Steuervorrichtung (10) gemaf einem der Anspriiche
1 bis 2, wobei das Berechnungsteil (120) konfiguriert
ist, um einen Prozess zum Erfassen des Betriebs-
zustands des Feldnetzwerks (30) auszufiihren,
wenn eine Betriebseingabe eines Einfahrvorgangs
empfangen wird.

Steuerungsverfahren, das umfasst:

einen Kommunikationsverwaltungsprozess des
Verwaltens, durch ein Kommunikationsverwal-
tungsteil (130) einer Steuervorrichtung (10), ei-
ner Datenkommunikation unter Verwendung ei-
ner zyklischen Kommunikation, die einem vor-
bestimmten Kommunikationszyklus fir ein
Feldnetzwerk (30) entspricht, wobei die Steuer-
vorrichtung (10) mit einer Slave-Vorrichtung
(211, 212, 213) Uiber das Feldnetzwerk (30) ver-
bunden ist, und die Steuervorrichtung (10) und
die Slave-Vorrichtung konfiguriert sind, um eine
Kommunikation von Steuerdaten tiber das Feld-
netzwerk (30) durchzufiihren;

ein Prozess zum Erzeugen von Daten fur die
tatsachliche Messung der Ausbreitungsverzo-
gerung durch ein Ausbreitungsverzégerungs-
zeit-Messteil (121) eines Berechnungsteils
(120) der Steuervorrichtung (10),
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einen Prozess des Ausgebens der Daten flr die
tatsachliche Messung der Ausbreitungsverzo-
gerung durch das Ausbreitungsverzégerungs-
zeit-Messteil (121) an die Slave-Vorrichtung
(211, 212, 213) uber das Kommunikationsver-
waltungsteil (130);

einen Prozess des Erfassens der empfangenen
Daten der Daten fiir die tatsachliche Messung
der Ausbreitungsverzégerung durch das Aus-
breitungsverzdgerungszeit-Messteil (121) tber
das Kommunikationsverwaltungsteil (130);
einen Prozess des Berechnens, durch das Aus-
breitungsverzdgerungszeit-Messteil (121), ei-
ner Ausbreitungsverzogerungszeit der Slave-
Vorrichtung (211, 212, 213) von dem Zeitstem-
pel, geschrieben zu den empfangenen Daten;
einen Prozess, bei dem durch ein Uberwa-
chungsprozess-Ausfuhrungsteil (122) des Be-
rechnungsteils (120) der Steuervorrichtung (10)
Uberwachen einer Bandbreitenauslastung des
Feldnetzwerks (30) aus der Ausbreitungsverzo-
gerungszeit durchgefiihrt wird, wobei die Band-
breitenauslastung aus einem Verhaltnis der
Ausbreitungsverzogerungszeit aller Frames,
Ubertragen innerhalb eines Zyklus zu dem vor-
bestimmten Kommunikationszyklus, berechnet
wird;

einen Berechnungsprozess des Erfassens ei-
nes Betriebszustands des Feldnetzwerks (30)
durch das Berechnungsteil (120) unter Verwen-
dung eines Ergebnisses der Ausbreitungsver-
zbgerungszeit; und

einen Ergebnisausgabeprozess des Ausge-
bens eines Erfassungsergebnisses, erhalten in
dem Berechnungsprozess, durch ein Ergebnis-
ausgabeteil (110) der Steuervorrichtung (10).

Steuerprogramm, umfassend Anweisungen, die,
wenn das Programm von einem Computer ausge-
fuhrt wird, den Computer veranlassen, alle Schritte
des Verfahrens gemaR Anspruch 4 auszufihren.

Revendications

Dispositif de commande (10) qui comprend :

une partie de gestion de communication (130)
configurée pour gérer une communication de
données en utilisant une communication cycli-
que conforme a un cycle de communication pré-
déterminé pour un réseau de terrain (30), dans
lequel le dispositif de commande (10) peut étre
relié a un dispositif esclave (211, 212, 213) via
le réseau de terrain (30), et le dispositif de com-
mande (10) et le dispositif esclave sont configu-
rés pour réaliser une communication de don-
nées de commande via le réseau de terrain
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(30);

une partie de calcul (120) configurée pour me-
surer un temps de retard de propagation a partir
de données regues de données de mesure réel-
le de retard de propagation transmises au ré-
seau de terrain, et détecter un état de fonction-
nement du réseau de terrain (30) en utilisant un
résultat du temps de retard de propagation ; et
une partie de délivrance de résultat (110) con-
figurée pour délivrer un résultat de détection de
la partie de calcul (120),

dans lequel la partie de calcul (120) comprend :

une partie de mesure de temps de retard
de propagation (121) configurée pour gé-
nérer les données de mesure réelle de re-
tard de propagation, pour délivrer les don-
nées de mesure réelle de retard de propa-
gation au dispositif esclave (211, 212, 213)
via la partie de gestion de communication
(130), pour acquérir les données regues
des données de mesure réelle de retard de
propagation via la partie de gestion de com-
munication (130), et pour calculer le temps
de retard de propagation du dispositif es-
clave (211, 212, 213) a partir des données
recues des données de mesure réelle de
retard de propagation d’apres I'horodatage
écrit dans les données regues ; et

une partie d’exécution de processus de sur-
veillance (122) configurée pour réaliser une
surveillance d’'une charge de bande pas-
sante du réseau de terrain (30) a partir du
temps de retard de propagation, dans le-
quel la partie d’exécution de processus de
surveillance (122) est configurée pour cal-
culer la charge de bande passante a partir
d’un rapport du temps de retard de propa-
gation de toutes les trames transmises a
l'intérieur d’un cycle sur le cycle de commu-
nication prédéterminé.

2. Dispositif de commande (10) selon la revendication

1, dans lequel la partie de calcul (120) comprend
une partie d’exécution de processus de diagnostic
(123) configurée pour réaliser un diagnostic de ca-
bles a utiliser dans le réseau de terrain (30) sur la
base d’un état de réception des données de mesure
réelle de retard de propagation, dans lequel la partie
d’exécution de processus de diagnostic (123) est
configurée pour commencer le diagnostic des cables
lorsque les données de mesure réelle de retard de
propagation ont été transmises au dispositif esclave
(211, 212, 213) et les données recues ne sont pas
acquises au cours d’'un temps prédéterminé.

Dispositif de commande (10) selon la revendication
1 ou 2, dans lequel la partie de calcul (120) est con-
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figurée pour exécuter un processus de détection de
I'état de fonctionnement du réseau de terrain (30)
lorsqu’'une entrée d’opération d’'une opération en
cours d’exécution est regue.

Procédé de commande, comprenant :

un processus de gestion de communication
pour gérer, par une partie de gestion de com-
munication (130) d’un dispositif de commande
(10), une communication de données en utili-
sant une communication cyclique conforme a
un cycle de communication prédéterminé pour
un réseau de terrain (30), dans lequel le dispo-
sitif de commande (10) est relié a un dispositif
esclave (211, 212, 213) via le réseau de terrain
(30), et le dispositif de commande (10) et le dis-
positif esclave sont configurés pour réaliser une
communication de données de commande via
le réseau de terrain (30) ;

un processus de génération, par une partie de
mesure de temps de retard de propagation (121)
d’une partie de calcul (120) du dispositif de com-
mande (10), de données de mesure réelle de
retard de propagation ;

un processus de délivrance, par la partie de me-
sure de temps de retard de propagation (121),
des données de mesure réelle de retard de pro-
pagation au dispositif esclave (211, 212, 213)
vialapartie de gestion de communication (130) ;
un processus d’acquisition, par la partie de me-
sure de temps de retard de propagation (121),
de données regues des données de mesure
réelle de retard de propagation via la partie de
gestion de communication (130) ;

un processus de calcul, par la partie de mesure
de temps de retard de propagation (121), d’'un
temps de retard de propagation du dispositif es-
clave (211, 212, 213) d’apres I'horodatage écrit
dans les données regues ;

un processus de réalisation, par une partie
d’exécution de processus de surveillance (122)
de la partie de calcul (120) du dispositif de com-
mande (10), d’'une surveillance d'une charge de
bande passante du réseau de terrain (30) a par-
tir du temps de retard de propagation, dans le-
quel la charge de bande passante est calculée
a partir d’'un rapport du temps de retard de pro-
pagation de toutes les trames transmises a I'in-
térieur d’un cycle surle cycle de communication
prédéterminé ;

un processus de calcul pour détecter, parla par-
tie de calcul (120), un état de fonctionnement
du réseau de terrain (30) en utilisant un résultat
du temps de retard de propagation ; et

un processus de délivrance de résultat pour dé-
livrer, par une partie de délivrance de résultat
(110) du dispositif de commande (10), un résul-
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10

tat de détection obtenu dans le processus de
calcul.

Programme de commande comprenant des instruc-
tions qui, lorsque le programme est exécuté par un
ordinateur, aménent l'ordinateur a effectuer toutes
les étapes du procédé selon la revendication 4.
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